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INTRODUCTION
Taste alterations (TAs) can frequently be observed in oncological patients undergoing chemotherapy (CT) and are reported as being among the most distressing side effects, along with fatigue, nausea, vomiting, and hair loss [1, 2] . High prevalences of TAs have been reported in the range of 46%-77% [2] . Despite their frequent occurrence, the literature on this issue is scarce.
TAs often start at the beginning of CT and do not always cease with its termination, but may persist for weeks or even months beyond active therapy [3, 4] . In addition, TAs sometimes occur even before therapy is begun [5] . This supports the hypothesis that cancer itself is partly responsible for TAs [6] ; indeed, this is well proven for head and neck cancers and for cancers located in the chemosensory system [7] [8] [9] , but not well corroborated for cancers at other locations.
Although TAs have been incorporated in the National Cancer Institute Common Toxicity Criteria since 1999 [10] , the literature on underlying biological mechanisms, on physical and physiological consequences, and even on prevalence is scarce. It has to be taken into account that even though taste and smell are anatomically distinct systems, in the sensory perception of food, they are intimately connected [11] .
There is some evidence that TAs in cancer patients negatively affect quality of life (QOL) [12] . Obtaining pleasure from food and the ability to maintain social eating habits may be impeded by food aversion [13] and may entail mood disturbances and decreased social functioning. TAs may also play an important role in the etiology of malnutrition and wasting, which affect about 40% of hospitalized patients [14] .
In daily clinical routine, patients rarely address TAs spontaneously, and even physicians often consider them a side effect that is unavoidable. TAs were alarmingly underrecognized by caregivers as of 1998 [15] , and the situation has improved little since. Medical treatment options regarding TAs have also not been thoroughly investigated [16] . Moreover, TAs are not given enough attention today in clinical decision making.
The above justifies the need for TAs to be the subject of further research. Thus, we performed a study with the following aims: (a) to assess the prevalence of TAs in patients with pancreatic, colorectal, and lung cancer; (b) to investigate the impact of clinical variables (especially CT regimens) on TAs; and (c) to investigate the impact of TAs on QOL.
PATIENTS AND METHODS

Study Population
Patients at the Department of Internal Medicine at Kufstein County Hospital (Teaching Hospital of Innsbruck Medical University) were considered as being eligible for the study if they were diagnosed with pancreatic, colorectal, or lung cancer. They were included in the study between day 0 and day 30 of CT (adjuvant, neoadjuvant, or palliative). Additional inclusion criteria were an expected survival time Ͼ6 months, the absence of overt cognitive impairment, no current radiotherapy, and fluency in German.
Sociodemographic and clinical data were collected from hospital records.
To obtain reference values for the prevalence and severity of TAs, we also collected a convenience sample from the Austrian general population. These participants had no history of cancer.
The study was approved by the ethics committee of Innsbruck Medical University.
CT Regimens
The administered CT regimens were: (a) gemcitabine plus a platinum-gemcitabine, 1000 mg/m 2 [17] . CHES is a PC program for the computerized assessment, calculation, and presentation of psychosocial and medical data. Assessments were conducted at each hospital visit and were completed within 6 months.
Assessment Instruments
EORTC QLQ-C30
To measure functioning, global QOL, and symptoms, we had all patients complete the EORTC QLQ-C30. The EORTC QLQ-C30 [18] is an internationally validated and widely used cancer-targeted QOL instrument. It comprises five functioning scales (physical, social, role, emotional, cognitive), a scale for global QOL, and nine symptom scales (fatigue, nausea/vomiting, pain, dyspnea, sleeping disturbances, appetite loss, constipation, diarrhea, and financial impact).
Assessment of TAs
Two items concerning TAs were taken from the EORTC Quality of Life Group item bank to create a short screening tool for TAs ("Have you had problems with your sense of taste?" and "Did food and drink taste different from usual?"). These questions conform to the style of the EORTC QLQ-C30 in wording and response format. The scores of the two items were summed and linearly transformed to be in the range of 0 -100 points, with higher values indicating more severe TAs. Based on the wording of the items' responses, we categorized scores of 0 points as no TAs, scores of 16.7 and 33.3 points as mild TAs, scores of 50.0 and 66.7 points as moderate TAs, and scores of 83.3 and 100.0 points as severe TAs.
Statistical Analyses
Sample characteristics are presented as means or percentages, standard deviations (SDs), and ranges. For the TA scale, we calculated the mean, SD, and internal consistency.
Relations between TAs and QOL were analyzed with Pearson correlation coefficients. The impact of clinical variables on TAs was investigated using mixed-effect models. With regard to CT regimens, very small groups were collapsed into the category "other CT regimens."
First, we conducted univariate analyses with single predictors for TAs. The investigated variables are given in Table 1. Second, we included all variables that were found to have an impact on TAs in the univariate analyses (p Ͻ .10) in a multivariate predictor set and then we excluded stepwise all variables not having a significant impact on TAs in this model (i.e., backward elimination). Within the multiple-level factor "CT regimen," the factor level showing the lowest degree of TA served as the reference category.
RESULTS
Patient Characteristics
Between April 2007 and June 2009, we consecutively included 197 patients and assessed them 1,024 times in total (an average of 5.2 assessments per patient). The mean patient age was 65.2 years (SD, 10.4 years) and 57.1% were men.
Diagnoses were lung (54.3%), colorectal (26.4%), and pancreatic (19.3%) cancer.
In lung cancer patients, the most frequent CT regimens were vinorelbine plus a platinum agent (51.9%) and gemcitabine (12.3%). Most colorectal cancer patients were treated with a combination of 5-fluorouracil, leucovorin, and oxaliplatin (the FOLFOX regimen) (77.4%) and irinotecan monotherapy (7.4%). In pancreatic cancer patients, the most common treatments were gemcitabine (65.2%) and a combination of gemcitabine and capecitabine (23.8%).
Details on sociodemographic and clinical patient characteristics are shown in Table 1 .
In the reference sample of the general population (n ϭ 89), the mean age was 53.8 years (SD, 15.4 years) and 67.4% were male.
Cronbach's ␣ as a measure of the internal consistency of the TA scale was 0.94.
Prevalence of TAs
In the patient sample mean, the TA score across all assessment times was 20.8 (SD, 29.9); 69.9% of the patients reported TAs at least at one assessment time, and 14.6% reported TAs at all assessment times during the study period. Based on the total number of 1,024 assessments, moderate to severe TAs occurred in 17.6% of cases, and mild TAs were reported in 26.1% of cases. For details on diagnostic groups see Table 2 . In the reference sample from the general population, only 6.8% of the patients reported moderate TAs, and only 4.5% reported mild TAs (mean TA score, 3.6; SD, 11.0).
Impact of Sociodemographic Data and Clinical Variables on TAs
Univariate analysis revealed significantly higher TA scores in women than in men (ϩ4.8 score points; p ϭ .010). Moreover, TAs decreased significantly with age (Ϫ0.43 points per year; p Ͻ .001). Significant differences were also found among diagnostic groups, with colorectal cancer patients showing stronger TAs than both lung cancer patients (6.7-point difference; p ϭ .003) and pancreatic cancer patients (9.2-point difference; p Ͻ .001). Patients with diagnosed nicotine abuse showed less TAs (Ϫ7.6 points; p ϭ .002) Percentages refer to total number of assessment times (n ϭ 1,024).
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Taste Alterations in Chemotherapy Patients than patients without nicotine abuse. Furthermore, TAs increased significantly (ϩ1.5 points per month; p ϭ .009) with time since study enrollment (Fig. 1) .
Association Between CT Regimen and TAs
For analyzing the impact of CT on the severity of TAs, we adjusted for age, nicotine abuse, and time since study enrollment. Although significant on univariate analysis, patient gender was not found to have a significant impact in the multivariate model and was therefore removed from the model. The factor CT regimen largely reflects the diagnostic group and CT line. Therefore, we decided to only include CT regimen in our model because the concurrent inclusion of all three variables would have led to strong collinearity effects [19] . Results from multivariate analyses can be seen in Table 3 .
In the adjusted model (Fig. 2) , for patients of the mean age, with the mean time since baseline, and without nicotine abuse, TAs were highest in patients receiving irinotecan (51.4 points), other regimens (24.4 points), FOLFOX (24.2 points), etoposide with a platinum (22.7 points), and gemcitabine (22.6 points). A lower degree of TA was found for patients treated with gemcitabine and capecitabine (19.8 points), vinorelbine and a platinum (19.1 points), and vinorelbine monotherapy (14.6 points). Patients receiving gemcitabine and a platinum reported lowest level of TA (11.9 points).
Impact of TAs on QOL
TAs are significantly associated with a reduction in various aspects of QOL. The strongest correlations found for TAs were with appetite loss (r ϭ 0.39), fatigue (r ϭ 0.40), nausea/vomiting (r ϭ 0.35), and cognitive functioning (r ϭ 0.37).
Correlations between TAs and all other EORTC QLQ-C30 scales were Ͻ0.35. All correlations were significant at p Ͻ 0.001. For calculating adjusted estimates for mean taste alterations with different chemotherapy regimens, age and time since study inclusion were set to their respective mean and nicotine abuse was set to "no." Abbreviations: FOLFOX, 5-fluorouracil, leucovorin, and oxaliplatin; SE, standard error. 
DISCUSSION
The literature on TAs in cancer patients is limited, as is clinicians' awareness of it. Our study focused on TAs in cancer patients undergoing CT. The aims of the study were to assess the prevalence and severity of TAs in relation to different CT regimens as well as other clinical and sociodemographic variables. Our investigation showed that 69.9% of patients reported TAs at least once during the study period. This is in line with previous results by Bernhardson et al. [2] , who found that 75% of their patients were affected by TAs. Across all assessment times, 26.1% of patients were affected by mild TAs and 17.6% of patients were affected by moderate or severe TAs. Overall, TAs showed a mean value of 20.8 (SD, 29.9) and increased significantly over time (1.5 points per month). These results underscore the importance of investigating TAs in cancer patients.
A limitation of our study is that the scale we used to measure and correlate patients' TAs consists of only two items. Considering the fact that TAs are manifest in a wide range of aspects, it is evident that a more comprehensive approach including both subjective and objective methods is needed for a more detailed assessment of TAs. Furthermore, it has to be pointed out that our investigation does not aim at a comparison of the regimens concerning their impact on TAs, but rather provides estimates for certain patient populations.
However, a large number of CT substances has been associated with TAs, such as folinic acid antagonists, cyclophosphamide, methotrexate, platinum agents, and taxanes [20 -22] . Results from Steinbach et al. [22] strongly suggest that CT agents differ from each other in their impact on TAs, but there is yet no solid evidence for this hypothesis. The survey methodology presented in this paper enabled us to reach a sample of patients receiving a wide range of commonly used CT regimens. For polychemotherapies it was not possible to separate the effect of a single substance from the effect of the interaction between substances. Therefore, we compared regimens as administered in clinical practice and did not split polychemotherapies "statistically." Moreover, this approach also addresses practical considerations because it is more relevant for clinicians to have information on actually administered regimens than on single agents only.
Our analysis revealed that patients treated with gemcitabine plus a platinum agent reported the lowest levels of TA. Based on Bernhardson et al. [2, 20] , this could partly be expected because gemcitabine was found to be associated with less severe TAs. In our study, however, patients undergoing gemcitabine monotherapy reported more TAs than patients receiving a combination of gemcitabine and a platinum. This result might be ascribed to a lower dose of gemcitabine when administered as polychemotherapy. In addition, it has to be noted that a large proportion of patients were receiving gemcitabine in combination with carboplatin, which is known to be less toxic than cisplatin [23] .
The most salient levels of TAs were found under the administration of irinotecan, which is congruent with clinical impression. Irinotecan as a monotherapy has commonly been administered weekly and only in third and higher lines of CT. Patients in this phase of treatment are usually in a condition characterized by debilitation resulting from pro- gressive disease and previous treatments. In addition, there may be an effect of cumulative toxicity caused by previous cytostatic treatments. The mechanisms by which cytostatic agents cause TAs are not entirely known. They might be distorting receptor activity [3] and can affect saliva and mucus production [24] . In addition, they might be secreted in saliva or diffuse from plasma into the oral cavity [25] . One major point seems to be the inhibitory effect of cytostatic agents on mitosis in replicating receptor cells [26] . In many patients, TAs disappear shortly after the end of CT because by then cell turnover is restored.
Patients with nicotine abuse and those of higher age reported fewer TAs than did other patients. It is well documented that both smokers and elderly patients tend to have elevated taste thresholds (hypogeusia) [2, 27, 28] . Accordingly, CT-induced changes in taste are presumably less noticeable for smokers and for elderly people because their thresholds have gradually increased over time. These patients might notice TAs later or less intensely and TAs are therefore often not volunteered by the patient even though they are objectively measurable [29] .
TAs show a substantial effect on various aspects of QOL in general, and in particular on fatigue and appetite loss. Loss of eating pleasure as a result of a cisplatin-induced metallic taste is but one example of a TA-caused impairment [6] . Furthermore, appetite loss may be associated with weight loss and therefore is clearly worth further investigation. Last, food strongly serves as a means of social interaction, and in this respect TAs can also curtail social life. This is why adequate interventions for dealing with TAs need to be developed. Dietary approaches involving taste enhancement [11] and food flavoring [30] may be successful interventions when dealing with hypogeusia. Substituting proteins and nutrients of avoided food can be helpful in the prevention of malnutrition and wasting [5] . Patients' self-management strategies comprise, amongst others, increased use of seasonings and spice, eating cold meals, and avoiding foods with strong smells [31] . However, literature on such interventions is scarce and does not provide solid evidence for the efficacy of these interventions.
CONCLUSION
We conclude that TAs, in point of fact, are a neglected side effect in CT patients and therefore must be given more attention in daily oncological practice and research. Patient information on this treatment side effect is essential and should be an important part of clinical decision making. Especially in palliative care settings, where symptom control is the main therapeutic aim, the impact of treatment on QOL plays an important role in the decision for or against a specific CT regimen. The benefit and burden of treatment therefore need a well-construed balance in order to avoid unnecessary and additional strain on the patient.
Further research is required to investigate the issue of TAs in cancer patients, their impact on QOL, and their implications for treatment strategies in greater detail.
